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I he pseudoelasticity of the variable with respect to 
crossings is the percent change in the probability 
being compromised when the variable is changed 
i>nc. When computing the average pseudoelasticity for 
Irian population, a pseudoelasticity of 75 % means 
value of the variable in the subset of pedestrians W 
changed from 0 to 1. the probability of the crossing 
promised increased, on average, by 75%. 



Table 1. Sample Summary Statistics 
Variable 


Value 


jle video field of view 


observed at 13 crosswalks at 10 inter- 
areas (six crosswalks in Indianapo- 
ffai Cincinnati, OH, five crosswalks in West 
i crosswalk in Portland. OR). The data set 
, crossings at seven crosswalks in the cen- 
!D) and 455 pedestrian crossings at six 
swalks. Approximately 76 h of video 
the basis for determining compromised 
I of the typical video field of view is shown 
[field of view included the right-turn lane, the 
don, and the entire crosswalk, 
it pedestrians included the direction of pe- 
rian compliance, the number of pedestrians 
[« platoon, the number of pedestrians crossing 
interval (traveling in both directions), and 
i’s crossing was determined to be compro- 
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by near-side and far-side) was also deter- 
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Percent of all pedestrian crossings compromised 
Average right-turning vehicle How during walk and 
clearance intervals in veh/h (standard deviation) 

Percent near-side/far-side pedestrian* 1 crossings 
Average number of pedestrians in signal cycle 
(standard deviation) 

Percent pedestrian crossings late 
Perceni pedestrian crossings in central business 
district 

Perceni pedestrian crossings on crosswalk traversing 
one-way street 

Percent pedestrian crossings al Edwards and Erie, 

Cincinnati. Ohio 

Percent pedestrian crossings from Indianapolis, Ind. 

Percent pedestrian crossings al Powell and 82nd. 

Portland. Ore. 

Percent pedestrian crossings from West Lafayette. 

Ind. 

J See Fig. 2. 

a larger portion of the crosswalk at intersections where there are 
multiple exclusive right turning lanes. 

Table 1 presents summary statistics for the data collected for 
this study. The table shows that 13.8% of all pedestrian crossings 
were considered compromised (pedestrian delayed, altered travel 
path, or altered travel speed in response to right-turning traffic). 
The table also shows that the average right-turn flow- rate during 
the pedestrian interval was 487 vehicles per h. which corresponds 
to an average vehicle headway of 7.4 sec per vehicle and an av- 
erage right-turn volume of 3.6 vehicles during the pedestrian in- 
terval. The pedestrian interval includes the walk interval (average 
duration 9 sec) and the pedestrian clearance interval (average du- 
ration 18 sec). 

There were more far-side pedestrian crossings (58% of the 
observations) than near side crossings (42% of the observations) 
in the data set. This may reflect directional imbalance associated 
with the times of day that the data were collected. 

The average number of pedestrians crossing during a cycle 
was 3.18, and the data ranged from a single pedestrian to 17 
pedestrians. Twenty-two percent of the pedestrian crossings were 
designated late, which indicated that the pedestrian arrived at the 
origin curb after the end of the walk interval, and entered the 
crosswalk during the pedestrian clearance phase. Three of the 
crosswalks had countdown pedestrian timers (all of these cross- 
walks were traversing one-way streets in downtown Indianapolis. 
IN); however, this factor was not statistically significant due to 
the high collinearity with the one-way street variable (discussed 
below). 

Sixty-five percent of the crossings were observed at cross- 
walks in a CBD or shopping district, and 35%- of the crossings 
were observed at non-CBD crosswalks. CBD crosswalks were 
located in Indianapolis, IN and in Cincinnati. OH. Non-CBD 
crosswalks were located in West Lafayette. IN and Portland. OR. 

Forty-two percent of the pedestrian crossings were on cross- 
walks traversing a one-way street of four or five lanes; the re- 
maining 58% of the pedestrian crossings were on crosswalks 
traversing two-way streets. All of the crosswalks traversing one- 
way streets were in downtown Indianapolis, and the one-way 
streets had four or five lanes of traffic. The two-way streets in the 
data set ranged from two to six lanes, with a conflict /.one of one 
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Table 2. Model Estimation Results for the Probability of a Pedestrian 
Being Compromised 


Table 3. Elasticity Estimates for the Probability 
Compromised 



Variable 

Parameter 

estimate 

t-statistic 

Constant 

-5.458 

-4.537 

Natural log of right-turning vehicle flow during 
walk and clearance intervals (in veh/h) if 
near-side pedestrian/ 1 0 otherwise 

0.760 

4.002 

Natural log of right-turning vehicle flow during 
walk and clearance intervals (in veh/h) if 
far-side pedestrian, 3 0 otherwise 

2.072 

6.729 

Far-side indicator 

( 1 if far-side pedestrian, 3 0 otherwise) 

-8.688 

-3.771 

Total number of pedestrians in signal cycle 

-0.228 

-3.975 

Late arrival indicator 

0 if the pedestrian arrives at the intersection 
late and leaves the curb after the end of the 
walk interval, 0 otherwise) 

0.497 

2.537 

Central business district indicator 
( 1 if the intersection is in a central business 
district, 0 otherwise) 

-1.068 

-3.294 

One-way street indicator 

( 1 if pedestrian is crossing a one-way street, 0 

otherwise) 

0.631 

1.930 

Number of observations 

1,304 


Log likelihood at zero 

-903.86 


Log likelihood at convergence 

-437.99 




or two lanes of traffic (there were one or two receiving lanes for 
right-turn vehicles). 


Estimation Results 

Model estimation results are shown in Table 2 and corresponding 
variable elasticities are shown in Table 3. Graphs illustrating the 
probability of a compromised pedestrian under a variety of 
sample conditions are shown in Figs. 3 and 4. All estimated pa- 
rameters are statistically significant and of plausible sign. The 
overall model fit is quite good with the log likelihood increasing 
from —903.86 when p, =0 to -437.99 when (J c is at its converged 
value. This results in a very reasonable p 2 of 0.515 (computed as 
one minus the log likelihood at convergence minus the log like- 
lihood at zero) (Washington et al. 2003). 

Examining specific estimation results, we find that higher 
right-turn vehicle volumes (entered as the natural log of right-turn 
vehicle volume) increases the probability of a near-side pedestrian 
being compromised, as expected. The elasticity of this variable is 
3.7 (as shown in Table 3). This means that a 1% increase in the 
right-turning vehicle flow will increase the probability of a 
pedestrian-crossing compromise by 3.7%. This and all elasticity 
values presented are valid for small changes in variable, in this 
case the right-turn flow rate. 

Higher right-turn vehicle volumes for far-side pedestrians (as 
with the near-side case) increases the probability of being com- 
promised. However, far-side pedestrians have an inherently lower 
probability of being compromised (relative to near-side pedestri- 
ans) as indicated by the negative value of the far-side indicator 
variable. The net effect of these far-side variables in terms of 
elasticities is illustrated in Fig. 5. The average elasticity for vary- 
ing flow rates is shown, as is the standard deviation of the elas- 



Variable 

Natural log of right-turning vehicle flow during 
walk and clearance intervals (in veh/h) if 
near-side pedestrian/ 1 0 otherwise 
Natural log of right-turning vehicle flow during 
walk and clearance intervals (in veh/h) if far-side 
pedestrian. 3 0 otherwise 
Far-side indicator 

( I if far-side pedestrian, 3 0 otherwise) 

Total number of pedestrians in signal cycle 

Late arrival indicator 

(1 if the pedestrian arrives at the intersection late 
and leaves the curb after the end of the walk 
interval, 0 otherwise) 

Central business district indicator 

(I if the intersection is in a central business 

district, 0 otherwise) 

One-way street indicator 

( I if pedestrian is crossing a one-way street, 0 

otherwise) 


“See Fig. 2. 
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Fig. 3. Illustration of impact of right-turn flow rate 3 
compromise for near-side and far-side pedestrians. 
compromise for near-side pedestrians; (b) probability 
for far-side pedestrians 
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5 as an error bar. At low right-turn flow 
iffbur or fewer vehicles during the pedes- 
Iticity is negative, indicating that the net 
be compromised by right-turning vehicles 
. However, as the right-turn flow rate in- 
pwitches signs, becoming positive for five 
during the pedestrian interval — with a 
[0.4 for a right-turn volume of 10 vehicles 
interval (10 vehicles was the maximum 
data set with an adequate number of obser- 
still significantly less than the 3.7 elasticity 
ans, underscoring the high sensitivity of 
[relative to their far-side counterparts. These 
^ervice for near-side and far-side pedestrians at 
1 How rates may be the result of a number of 
at low vehicle volumes, right-turn vehicles 
ing of the walk interval and clear the cross- 
ct for far-side pedestrians — however, even a 
Cle may delay a near-side pedestrian, 
r an increasing number of pedestrians 
- signal cycle was found to have a significant 
the probability of a pedestrian being 
PI a 1% increase in the number of pedestrians 




arriving during the signal cycle decreasing the probability of a 
pedestrian-crossing compromise by 0.65% (see Table 3). This 
finding suggests that pedestrian LOS is improved when additional 
pedestrians are present (pedestrian volumes in our sample ranged 
from 1 to 17 pedestrians per cycle). This finding is also contrary 
to the traditional pedestrian space level of service measures in the 
Highway Capacity Manual, which indicate that additional pedes- 
trians reduce the LOS. 

Pedestrians that arrived late at the intersection and leave the 
curb after the end of the walk interval had a significantly higher 
probability of being compromised (see Table 2). Table 3 shows 
that pedestrians that arrived late were 52.8% more likely, on av- 
erage. to be compromised than those that did not. Among other 
possibilities, it is speculated that late pedestrians may be more 
likely to be compromised because they do not have an opportu- 
nity to “stake their claim" to the crosswalk at the beginning of the 
walk interval. 

As indicated in Table 3. pedestrians crossing intersections in a 
central business district (CBD) were 60% less likely to be com- 
promised. on average, than those crossing non-CBD intersections. 
One possibility for this is that drivers in central business districts 
may be more likely to look for pedestrians and yield to pedestri- 
ans in the crosswalk. 

Finally, crosswalks traversing one-way streets were found to 
increase the probability of being compromised by 69.6% on av- 
erage (sec Tables 2 and 3). When pedestrians cross a one-way 
street, the entire crosswalk is the conflict zone, because right turns 
can turn into any lane of the crosswalk. The conflict zone for the 
one-way streets in the database was four or live lanes of traffic, 
which translates into a much longer conflict zone than that for the 
two-way streets in the database — all of which had conflict zones 
spanning one or two lanes of traffic. 


Model Estimation Tests 

Because the central business district (CBD) was found to have a 
large effect on the probability of being compromised, statistical 
tests were conducted to determine if all of the model parameters 
varied between CBD and non-CBD locations (not just simply by 
a CBD indicator). To test for this, a likelihood ration test is ap- 
plied and the appropriate statistic is 

r = - 2[LL(P,) - LUPu,;,) - LL(|3 n „„. CDD )] (6) 





* Um ^ e,lic| es during Pedestrian Interval 
^^B&ombination f ar ' s ide variables (average and 

deviation) 


where LL([3 r ) = log likelihood at convergence of the model esti- 
mated with the data from both CBD and non-CBD pedestrian 
crossings; LL([3 CBl ,) = log likelihood at convergence of the model 
using only CBD pedestrian crossings; and LL((3 non . CBD ) = log like- 
lihood at convergence of the model using non-CBD pedestrian 
crossings. This statistic is x : distributed with degrees of freedom 
equal to the summation of the number of estimated parameters in 
the CBD and non-CBD models minus the number of estimated 
parameters in the ‘‘total" data model. The calculated statistic of 
2.52 is much less than the critical \ 2 value of 7.78 for the 90% 
confidence level. Therefore, the hypothesis that CBD and non- 
CBD parameters are the same cannot be rejected and estimating a 
single model for all data is appropriate. 

Because we have multiple pedestrian observations from each 
intersection, there is the possibility that the unobserved factors 
(disturbances) may be correlated for each intersection would vio- 
late the independence of disturbances assumption used to arrive at 
Eq. (1). To test for this possibility, we estimated a logit model 
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with random effects (Washington et al. 2003), but the random 
effects were statistically insignificant, thus, suggesting that the 
standard binary model was appropriate. 

To test other discrete-outcome modeling approaches, a mixed 
(random parameters) logit model (Milton et al. 2008) and a binary 
probit model were also estimated using the data. When estimating 
the mixed logit model, no parameters were found to be random 
and. thus, a simple binary logit model with parameters fixed over 
the sample (as shown in Table 2) was appropriate. With regard to 
the binary probit model, the estimated signs and magnitudes of 
the variables were very similar to the logit-model results and we, 
thus, present only the binary logit model findings in this paper. 


Summary and Conclusions 

Our application of a binary logit model of pedestrian compro- 
mises shows that the probability of a pedestrian compromise in- 
creases with increasing right-turn vehicle flow rate, and is higher 
for crosswalks outside the CBD compared to crosswalks in the 
CBD for the same right-turn flow rate. The estimation results also 
show that: crossing from the far-side decreases the likelihood of a 
compromise at low right-turning vehicle volumes, additional pe- 
destrians crossing during the cycle decreases the likelihood of a 
compromise, late pedestrian arrivals resulting in curb departures 
after the end of the walk interval increases the likelihood of a 
compromise, and crossing at a one-way street increases the like- 
lihood of a compromise. 

The findings show that pedestrian level of service is a complex 
concept that is determined by many factors. One important find- 
ing of this research is the implication that pedestrian service is 
enhanced by the presence of additional pedestrians rather than 
degraded by the presence of additional pedestrians. This finding 
contradicts currently used level of service methods that are based 
on pedestrian space. 

This paper provides some initial insight into the rather com- 
plex effect that right turns on green have on pedestrian service. 
The findings underscore the importance of quantifying conflicting 
vehicle volumes during the pedestrian interval and considering 
this information when evaluating alternative signal timing strate- 
gies at signalized intersections. Current intersection level of ser- 
vice analysis quantifies the effect of pedestrians on right-turning 
vehicles, but docs not consider the effect of right-turning vehicles 
on pedestrians, which is a potentially important oversight in de- 
termining overall intersection level of service. 

The findings of this research regarding pedestrian direction of 
travel may also be relevant when considering the potential ben- 
efits of a leading pedestrian interval (LPI) to improve pedestrian 
service at a signalized intersection. An LPI provides a pedestrian 
head start at the beginning of the walk interval, and has been 
reported to improve pedestrian service (Van Houten et al. 2000). 
Critics of LPIs may contend that this strategy only helps near-side 
pedestrians. The findings of this research indicate that near-side 
pedestrians may be more likely to be compromised (especially at 
low right-turn flow rates) and, thus, a strategy that addresses the 
needs of near-side pedestrians may be a very effective one. 

In terms of future work, it would be interesting to consider 
more expansive database with crosswalks reflecting a wide range 
of geographic locations, geometric conditions, pedestrian vol- 
umes, and vehicle volumes. It would also be interesting to expand 
the data and statistical evaluation to include other vehicle-turning 
possibilities such as permitted left turns and right turns on red, as 
well as right turns on green. 
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